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APPARATUS AND METHOD FOR MALDI 
SOURCE CONTROL WITH EXTERNAL 

IMAGE CAPTURE 

REFERENCE TO RELATED APPLICATIONS 5 

This application is a continuation application of U.S. 
patent application entitled, "Apparatus and Method for 
MALDI Source Control with External Image Capture.” Ser. 
No. 10/636,459, filed Aug. 6, 2003 now U.S. Pat. No. 7,145, 10 
135, which is a continuation-in-part application of U.S. patent 
application entitled, "Apparatus and Method for Automated 
MALDI Source Control.” Ser. No. 10/452,769, filed May 30, 
2003, the contents of which are hereby incorporated by ref 
erence in their entirety. 15 

BRIEF DESCRIPTION OF THE INVENTION 

This invention relates generally to mass spectrometry. 
More particularly, this invention relates to an automated 20 
source control system for a Matrix-Assisted Laser Desorption 
Ionization (MALDI) mass spectrometer. 

BACKGROUND OF THE INVENTION 
25 

Matrix-Assisted Laser Desorption Ionization (MALDI) is 
a process that generates ions from analyte molecules within a 
sample. The molecules are initially embedded in a photon 
absorbing material or matrix as crystals and the matrix is then 
irradiated by a laser beam to produce desorption and eventu- 30 
ally ions. Ionization efficiency is predicated upon the laser 
beam impacting crystals of analyte and matrix. Groups of 
crystals are referred to as clusters. If the laser beam is arbi 
trarily applied to a sample, then the laser beam might not 
impact crystals at an appropriate position or it might miss the 35 
crystals altogether. 

There is an ongoing trend in MALDI technology to 
decrease sample size and increase the number of samples per 
MALDI plate by decreasing the distance between adjacent 
samples. The Smaller sample size increases the likelihood that 40 
a laser beam will miss a sample. In addition, the Smaller 
sample size makes it more difficult to identify an ideal loca 
tion for laser impact. The increasing number of samples on a 
MALDI plate is placing a premium on processing speed and 
efficiency. 45 
Most commercial MALDI systems include a video camera 

that allows an operator to monitor the actual location where a 
laser beam impacts a sample. The operator manually checks 
the location and makes manual adjustments, as necessary. 
This approach is time consuming. In addition, this manual 50 
process is becoming increasingly less useful as the sample 
sizes decrease. 

In view of the foregoing, it would be highly desirable to 
provide an improved technique for generating ions from mol 
ecules within a sample processed by a MALDI system. The 55 
technique should be automated for high throughput and 
should accurately assess samples to identify optimal loca 
tions for laser impingement. Preferably, the sample assess 
ment would consider the positions, geometries, and internal 
distribution of candidate clusters within a sample. 60 

SUMMARY OF THE INVENTION 

The invention includes a method of MALDI sample plate 
processing. The method includes capturing an image of a 65 
plate positioned outside a mass spectrometer. The image is 
processed to identify one or more attributes of an individual 

2 
sample on the plate, where the attributes are selected from a 
position attribute, a geometry attribute and an internal density 
distribution attribute. A laser impact position is selected 
within the mass spectrometer based upon one or more of the 
attributes. 
The invention includes an alternate method of MALDI 

sample plate processing. This embodiment includes captur 
ing an image of a plate positioned outside a mass spectrom 
eter. The image is processed to identify plate position infor 
mation. The plate is positioned within the mass spectrometer 
in accordance with the plate position information. 
The invention also includes an apparatus for automated 

MALDI sample plate processing. The apparatus includes a 
mass spectrometer, a camera positioned external to the mass 
spectrometer, and a computation device. The computation 
device includes a control circuit and a computer readable 
medium connected to the control circuit. The computer read 
able medium stores executable instructions to capture an 
image of a plate produced by the camera and identify at least 
one attribute of a sample on the plate. The attribute is selected 
from a position attribute, a geometry attribute and an internal 
density distribution attribute. A laser impact position is then 
selected within the mass spectrometer based upon the at least 
one attribute. 
The invention includes a computer readable medium with 

executable instructions to receive an image of a plate posi 
tioned outside a mass spectrometer and process the image to 
identify at least one attribute of an individual sample on the 
plate. The attribute is selected from a position attribute, a 
geometry attribute and an internal density distribution 
attribute. A laser impact position is selected within the mass 
spectrometer based upon the at least one attribute. 

BRIEF DESCRIPTION OF THE FIGURES 

The invention is more fully appreciated in connection with 
the following detailed description taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 illustrates a MALDI mass spectrometer configured 
in accordance with an embodiment of the invention. 

FIG. 2 illustrates a MALDI mass spectrometer configured 
in accordance with another embodiment of the invention. 

FIG. 3 illustrates an automated MALDI source control 
system configured in accordance with an embodiment of the 
invention. 

FIG. 4 illustrates automated MALDI source control opera 
tions performed in accordance with an embodiment of the 
invention. 

FIG. 5 illustrates a sample image processed in accordance 
with an embodiment of the invention. 

FIGS. 6A-6B illustrate image reconstruction performed in 
accordance with an embodiment of the invention. 

FIG. 7 illustrates nearest neighbor pixel processing per 
formed in accordance with an embodiment of the invention. 

FIG. 8 illustrates iteration count processing operations per 
formed in accordance with an embodiment of the invention. 

FIG. 9 illustrates geometry processing performed in accor 
dance with an embodiment of the invention. 

FIG. 10 illustrates cluster distribution processing per 
formed in accordance with an embodiment of the invention. 

FIG.11 illustrates a laser beam position selection operation 
performed in accordance with an embodiment of the inven 
tion. 

FIG. 12 illustrates an automated MALDI source control 
system with external image capture and plate handling in 
accordance with an embodiment of the invention. 
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FIG. 13 illustrates processing operations performed by the 
apparatus of FIG. 12. 

Like reference numerals refer to corresponding parts 
throughout the several views of the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates a MALDI mass spectrometer system 100 
configured in accordance with an embodiment of the inven 
tion. The system 100 includes a detector 102 for processing 
ions in a vaporized sample delivered through a capillary 
extension 104. The vaporized sample is produced from a 
sample 106 deposited upon a sample holder 108. The trans 
parent sample holder is mounted on a stage 105 having a stage 
position controller 109 to provide position control in an X-y 
plane. Components 102-109 are well known in the art and 
therefore may be successfully incorporated with features of 
the invention, which are discussed below. 

The system 100 also includes a light source 110, which 
generates a light beam 112, which passes through a polarizer 
114, before impinging upon the backside of the transparent 
sample holder 108. The light beam 112 passes through the 
sample 106 and is deflected, in this embodiment, by a mirror 
122. The deflected beam is then passed through a second 
polarizer 124. A camera 126. Such as a Charge Coupled 
Device (CCD) camera, then captures the resultant image. As 
discussed below, the image is processed and, if necessary, the 
position of the stage 105 is altered by the stage position 
controller 109 so that a laser beam 118 formed by a laser 116 
impinges the sample 106 at an optimal position. After vapor 
ization of a sample 106, the stage position controller 109 
alters the position of the stage 108 so that the next sample can 
be processed. 

Advantageously, the invention uses polarizers 114 and 124 
to reduce the intensity of reflected light. In addition, the 
polarizers enhance contrast when molecules are optically 
active (i.e., molecules change polarization of light). 

FIG. 2 illustrates a system 200 corresponding to the system 
of FIG. 1, but in this embodiment, the light source 110 is 
positioned on the side of the sample 106. A mirror 115 is used 
to direct the light beam 112 onto the sample from side, not the 
back, as was the case in FIG. 1. 

Detector and optical components associated with the 
invention have now been described. Attention presently turns 
toward the image processing associated with the invention. 
This image processing periodically results in sample reposi 
tioning for optimal MALDI performance, as discussed below. 

FIG. 3 illustrates an automated MALDI source control 
system 300 configured in accordance with an embodiment of 
the invention. The system 300 includes a mass spectrometer 
interface 302, which includes interface circuitry to attach to 
components of the mass spectrometer 100 of FIG.1. Thus, for 
example, the mass spectrometer interface 302 can include 
interfaces to the detector 102, the stage position controller 
109, the light-source 110, the laser 116, and the camera 126. 
The mass spectrometer interface 302 receives data from the 
mass spectrometer 100 and applies control signals to the mass 
spectrometer 100. Interfaces of this type are known in the art. 
The mass spectrometer interface 302 is connected to a bus 

304. A central processing unit 306 is also connected to the bus 
304. Input and output devices 308 are also connected to the 
bus. The input and output devices 308 may include a key 
board, mouse, video monitor, printer, and the like. 
A memory 310 is also connected to the bus 304. The 

memory 310 stores an automated MALDI source control 
module 312 configured in accordance with an embodiment of 
the invention. The source control module 312 includes a set of 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
executable instructions to perform operations specified 
below. In one embodiment, the source control module 312 
includes a cluster identification module 314. As previously 
indicated, a clusteris a group of crystals. More particularly, in 
the image-processing context of the invention, a cluster is a 
collection of spots representing crystalline characteristics of a 
sample. The cluster identification module 314 includes 
executable instructions to identify one of the largest clusters 
in a processed image. 
A cluster position analysis module 316 may also be used in 

accordance with an embodiment of the invention. The cluster 
position analysis module 316 includes executable instruc 
tions to confirm that the position of a selected cluster meets 
specified positional criteria that will foster successful results. 
The memory 310 also stores a cluster geometry analysis 

module 318. This module includes executable instructions to 
confirm that a processed cluster meets certain geometrical 
criteria, which serves to confirm that an actual cluster is being 
processed, as opposed to an artifact, Such as a scratch on a 
sample holder 108. 
A cluster distribution analysis module 320 may also be 

used to assess the internal crystal distribution of a processed 
cluster. In one embodiment, the cluster distribution analysis 
module 320 includes executable instructions to assess the 
crystal density distribution of a processed cluster. 
The memory 310 may also store image information cap 

tured from the camera 126; the memory may also store stage 
position control programs, laser control programs, and the 
like. While the invention is successfully operated with stan 
dard modules of this type, the invention is largely focused on 
the automated MALDI source control module 312. 

FIG. 4 illustrates an example of automated MALDI source 
control operations performed in accordance with an embodi 
ment of the invention. The first processing operation of FIG. 
4 is to proceed to a sample and initialize parameters (block 
400). As discussed in connection with FIG. 1, a stage position 
controller 109 positions a sample 106 so that a laser beam 118 
can impact it. In one embodiment of the invention, an integer 
count ("mcount”) parameter is set to 0 and a Boolean param 
eter "Largest is set to true. In addition, an initial plate loca 
tion is stored, a threshold parameter for edge detection is set, 
and a nearest neighbor distance is defined. These parameters 
are discussed below. 
The next operation of FIG. 4 is to acquire an image of a 

sample (block 402). The apparatus of FIG. 1 or 2 may be used 
to acquire an image of a sample. FIG. 5 is a schematic 
example of an image that may be captured and processed in 
accordance with an embodiment of the invention. The image 
includes a cluster, which is a collection of spots representing 
sample crystals. With Some matrices and analytes, large spots 
500 and small spots 502 are observed. Sometimes the bound 
ary of the sample is delineated by a series of small spots 504. 
In other examples, the sports are concentrated along the 
boundary, with relatively few toward the center of the sample. 
When contrast methods are used in image processing, as in 
the prior art, large spots 500 are chosen for the laser beam 
target. However, it has been discovered in the present inven 
tion that laser beam ionization of small spots 502 or groups of 
Small spots is often far more effective, giving more analyte 
ions with higher signal to noise ratios. The image processing 
scheme of the present invention can avoid the problems intro 
duced by using image contrast in the choice of target. 

FIG. 6A illustrates large spots 600 and small spots 602 that 
might be found in a typical image. The image of FIG. 6A is 
reconstructed according to the operation of block 404 in FIG. 
4. To form the reconstructed image, the original image is 
processed to identify edges of spots. This may be done, for 
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example, using the Canny edge detection algorithm. The 
result will be an image that may be schematically represented 
in FIG. 6B, which is a reconstructed image corresponding to 
the original image of FIG. 6A. In the figure, edges are illus 
trated as dark against a white background, but they could just 
as easily have been displayed as white against a dark back 
ground. The image is divided in the usual manner into pixels 
and each pixel is labeled as to whether it contains an edge. If 
So, the pixel is assigned a value 1, for example, if not, a value 
0. These are arbitrary assignments, but convenient for 
manipulation. Pixels containing an edge are called "atoms'. 
In Summary, the reconstructed image is a set of pixels, some 
of which are atoms (The subdivision of the reconstructed 
image into pixels is not shown in FIG. 6C.) 
The value of edge detection for locating useful spots is 

illustrated in FIG. 6B. A line 640 drawn across the image 
intersects two atoms. The line 650 drawn in a similar manner 
intersects six atoms. The higher count corresponds to a group 
of small spots. Although the actual process of counting atoms 
is from a 2-dimensional array, this 1-dimensional example 
demonstrates the principle. 
The next processing operation of FIG. 4 is to identify a 

large cluster within the reconstructed image (block 406). The 
identification of a large cluster can be performed using a 
variety of techniques. FIG. 7 illustrates example code 
description and annotations associated with one technique 
that may be used in accordance with an embodiment of the 
invention. 
As shown in FIG. 7, neighboring atoms are assigned to a 

cluster in accordance with a radial cut off value. In other 
words, if an atom is within a specified radial distance of 
another atom, the two atoms are assigned to the same cluster. 
This processing results in identification of one or more clus 
ters. The cluster with the largest size is then selected for 
further processing. Recall that the Boolean variable “largest 
was initially set to true. On the first processing pass, the 
largest cluster will be processed in view of this Boolean 
variable setting. On a second pass, the Boolean variable set 
ting will be false, as demonstrated below, which results in the 
next largest size cluster being selected for further processing. 
Multiple clusters may be processed, but in one embodiment 
of the invention, only the two largest clusters are processed 
for any given sample. If these clusters do not meet specified 
criteria, a Subsequent sample is processed or the existing 
sample is targeted through a best guess positioning of the 
laser beam, as discussed below. 
The position of the selected cluster is then checked (block 

408). A bounding box around the cluster may be defined. For 
example, FIG. 5 illustrates a bounding box 660 associated 
with a cluster. The bounding box encloses the spots associ 
ated with the cluster. By way of example, the bounding box 
may be defined as a rectangle with an Area (X, Y, 
X, Y). The physical center of this bounding box may 
then be readily calculated. The physical center of the bound 
ing box may, if desired, be then compared with a position that 
corresponds to the location of the device that deposited the 
sample, i.e., the expected position of the sample. A threshold 
distance between the physical center and the depositing 
device position is defined. If the threshold distance is 
exceeded, then the position is not acceptable, and processing 
proceeds to branch 409 of FIG. 4. If the threshold distance is 
not exceeded, then there is positional correspondence 
between the physical center and the depositing device posi 
tion. In this case, processing proceeds to branch 413 of FIG. 
4. In general, one expects a large cluster beneath the depos 
iting device, which in Some embodiments may be a capillary 
device. The invention endeavors to exploit this fact by only 
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6 
allowing clusters within a threshold distance of the depositing 
device to be considered for further processing. This test also 
insures that the laser beam is not directed to the periphery of 
the sample, which is likely to produce inferior results. 
As shown in FIG.4, if the position is acceptable, the geom 

etry of the cluster is tested at block 414. FIG. 9 illustrates an 
example of geometry processing operations that may be 
formed in accordance with an embodiment of the invention. 
At block 900 the shape of the cluster is tested. So, for 
example, criteria may be established that favors a bounding 
box with a rectangular shape that is not disproportionately 
distorted in the width or length dimensions. For example, the 
length and width may be tested as follows: 

By keeping M less than /2, and preferably less than /3, a test 
for a relatively 'square' rectangle is maintained. Such a shape 
is typically consistent with a strong cluster sample and oth 
erwise eliminates artifacts in the form of scratches. If the 
condition of block 900 is met, processing proceeds to block 
902. 

Block902 applies a size test. In this example, the area of the 
bounding box must exceed some specified threshold. This test 
insures that an adequate cluster will be vaporized and other 
wise distinguishes between small visual artifacts that should 
not be treated as suitable samples. If the size criterion is met, 
processing proceeds along branch 416. If the shape or size 
criteria are not met, then the integer mcount variable 903 is 
assigned a value of 2 at block 903. As shown below, this 
variable value forces a stage movement that should render a 
more successful result on a subsequent pass. 
As shown in FIG. 4, if the positional and geometrical 

checks fail, processing proceeds to block 410. In short, block 
410 tests to determine whether an appropriate number of 
iterations have been completed for this sample. The appro 
priate number of iterations may be configurable. In this 
example, the number of iterations is controlled by the integer 
variable mcount and the Boolean variable largest. 
The decision block of FIG. 8, block 800, initially deter 

mines whether the count variable (mcount) is less than two. 
Recall that the mcount variable was initialized to zero. There 
fore, on a first pass, if the position is not acceptable (block 
408 NO), then the mcount variable will be less than Zero 
and processing proceeds to block 802. Block 802 forces 
movement of the stage. In this example, the stage is moved a 
distance defined by the difference between the depositing 
device position (C(A)) and the physical center of the bound 
ing box (Po). The variable counter mcount is then incre 
mented at block 804. Processing then proceeds to branch 412 
and another image is acquired (block 402). 

If the selected cluster of the subsequent image fails the 
position test of block 408, the mcount variable has a value of 
1, so processing proceeds through blocks 802 and 804 once 
again. If the selected cluster of the Subsequent image fails the 
position test of block 408 once again, then the mcount vari 
able has a value of 2 and therefore the no branch of block 800 
is followed on this iteration. Recall that the Boolean variable 
largest was initialized to true. Therefore, on this pass, pro 
cessing will proceed from block 806 to block 808. The pro 
cessing associated with block 808 includes repositioning the 
stage 108 to an initial position. The Boolean variable largest 
is set to false, causing the technique to process the second 
largest cluster, since the largest cluster was deemed inappro 
priate. Finally, the mcount variable is set to 0 in block 808. 
The output of block 808 is branch 412, which leads to image 
acquisition at block 402. Processing of the second largest 



US 7,550,720 B2 
7 

cluster will continue until the mcount value reaches 2 and the 
position test of block 408 is failed once again. In this case, the 
mcount test of block 800 leads to block 806. Since the Bool 
ean variable largest is false at this point. This causes branch 
411 to be followed, which results in a new sample being 
processed. This branch basically represents the failure to find 
an adequate cluster for processing. Instead of immediately 
proceeding to the next sample, the current sample can be 
processed through a random application of the laser beam, if 
desired. 

Recall that the geometry check block 414 sets the mcount 
variable to a value of2. In this case, when mcount is compared 
to the value 2 at block 800 of FIG. 8, the no branch is again 
followed to block 806. In the first pass through, the Boolean 
variable largest is still true and therefore processing once 
again proceeds to block 808. If the geometry test is failed on 
the following pass, then block 806 produces a no result and 
processing proceeds to block 400. As discussed above, the 
sample can be processed with a random laser shot prior to 
processing the next sample. 

Returning to FIG. 4, if the positional and geometrical tests 
are satisfied, a distribution test is applied. In particular, the 
crystal distribution within the cluster is analyzed. FIG. 10 
illustrates an example of distribution processing performed in 
accordance with an embodiment of the invention. In one 
embodiment, the distribution processing is in the form of an 
analysis of the density distribution of spots within the cluster. 
FIG. 10 illustrates a first processing block 1000 which sub 
divides the target boundary of the largest cluster into target 
Sub-Squares using an orthogonal spacing grid. Such as a spac 
ing grid associated with the previously described bounding 
box. Next, for all sub-squares, the number of atoms inside the 
Sub-square is saved as a value in a density map for the cluster 
(block 1002). Block 1004 illustrates an optional operation of 
assigning higher values by multiplying the number of atoms 
found in a given Sub-square with a value larger than 1 if the 
Sub-square is closer to the edge of a bounding box. This 
accommodates the fact that for Some matrix solutions, more 
peptides are attached to matrix crystals located at the bound 
aries of the sample, rather than at the center. The foregoing 
processing results in a density map, which is returned for 
subsequent processing (block 1006). 
The next processing operation of FIG. 4 is to select a laser 

impact position (block 418). FIG.11 illustrates an example of 
a density map that may be used to select laser impact position. 
The figure illustrates the bounding box 660 for the cluster. 
The lower right hand quadrant of this bounding box 660 has 
a number of Sub-squares, each with a number representative 
of the number of atoms associated with a sub-square. In this 
example, the grid size of the Sub-squares is about the diameter 
of a laser spot, which is indicated by circle 1100. In this 
example, the laser spot is positioned on the center of the 
Sub-square with the highest density. 
The laser is then activated (block-420). This causes vapor 

ization of the sample and Subsequent processing by the detec 
tor 102. The laser shooting pattern forces the laser to move to 
Sub-squares with higher scores and to avoid Sub-squares with 
lower scores. Certain randomness can be utilized in the laser 
motion. The amount of laser shots in between moving the 
laser spot depends on the repetition frequency setting of the 
laser. Current lasers are 10 Hz or 100 Hz, lasers. The amount 
of shots in-between moving the laser spot is therefore some 
where between 1 and over 100. How many laser pulses are 
fired at a Sub-square without moving the laser spot will also 
depend on the power of the laser beam and how well the beam 
can be focused. 
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8 
Those skilled in the art will appreciate a number of advan 

tages associated with the invention. First, the invention pro 
vides automated assessment of samples to identify optimal 
locations for laser impingement. The automated assessment 
technique includes analyses of position, geometry, and inter 
nal distribution of a candidate cluster within a sample. The 
automated technique of the invention may provide a correla 
tion of spot quality and measured results for better diagnos 
tics, the early detection of problems (e.g., a sample dispenser 
problem), and comprehensive data to facilitate future system 
enhancements. Advantageously, the invention provides an 
image processing technique that is fast, customizable and 
robust. 

Notwithstanding the numerous benefits associated with the 
embodiments discussed up to this point, improvements over 
these embodiments are possible. Observe that in the MALDI 
mass spectrometer systems 100 and 200 of FIGS. 1 and 2. 
respectively, the image capture operations take place within 
the mass spectrometer 100, which is also referred to as an 
ionization source. There are spatial and optical limitations 
associated with this configuration. For example, it is difficult 
to position an in-source camera closer than approximately 3 
cm to the sample holder 108. This relatively large distance 
reduces resolution. The materials associated with state of the 
art sample holders, which tend to have favorable chemical 
properties, but poor optical properties, can exacerbate this 
resolution problem. The relatively constrained space of the 
Source also reduces illumination and microscopy options. 
Thus, there is a need to exploit the inventions ability to 
analyze sample morphology, while providing enhanced 
mechanisms for sample analysis in order to improve overall 
spectral quality. 
The exemplary apparatus of FIG. 12 provides these ben 

efits. The apparatus 1200 of FIG. 12 includes many of the 
components discussed in connection with FIG.3, including a 
mass spectrometer interface 302, a bus 304, a control circuit 
(e.g., a CPU) 306, optional input/output devices 308, a com 
puter readable medium 310, and the automated MALDI 
source control module 312. However, the apparatus 1200 
includes additional components to provide enhanced func 
tionality. In this embodiment, the mass spectrometer interface 
302 is connected to a mass spectrometer 1202 that does not 
require Sophisticated in-source imaging components. 
Instead, simplified in-source imaging components may be 
used, for example to provide device registration information, 
but not sample morphology information. 
The apparatus 1200 of FIG. 12 includes a plate processing 

device interface 1204. The plate processing device interface 
1204 may be connected to an automated plate spotter 1206, 
which applies samples to a sample holder 108. Alternately, a 
sample holder 108 may receive samples through a manual 
process. The plate processing device interface 1204 is also 
connected to a camera (e.g., a digital camera or high-resolu 
tion scanner) 1208, which captures an image of samples on a 
sample holder 108 outside of the mass spectrometer 1202. By 
capturing an image of the sample holder 108 outside of the 
mass spectrometer 1202, the camera 1208 can be moved 
extremely close to the sample holder 108, thereby overcom 
ing a limitation associated with an in-source camera. The 
camera 1208 has an associated illumination source 1209 and, 
optionally, microscopy devices 1211. By capturing an image 
of the sample holder 108 outside of the source, additional 
illumination and microscopy techniques are available, as dis 
cussed below. 
A plate handler (e.g., a robot or jukebox) 1210 is also 

connected to the plate processing device interface 1204. As 
implied by its name, the plate handler 1210 handles plates or 
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sample holders 108, positioning the plates at a station asso 
ciated with the plate spotter 1206 and a station associated with 
the camera 1208. In addition, the plate handler 1210 operates 
to move plates in and out of the mass spectrometer 1202. In 
certain embodiments of the invention, the plate handler 1210 
is omitted and manual loading operations are performed. 

In addition to the automated MALDI source control mod 
ule 312 stored in memory 310, in this embodiment, an exter 
nal image capture and plate handling control module 1212 is 
also stored. The external image capture and plate handling 
control module 1212 includes executable instructions to 
direct the operation of the plate spotter 1206, the camera 
1208, and the plate handler 1210. The external image capture 
and plate handling control module 1212 operates in conjunc 
tion with the automated MALDI source control module 312 
to produce position files 1214 1 through 1214 N. Each posi 
tion file 1214 defines the position of various samples on a 
plate. In addition, the techniques described in connection 
with the automated MALDI source control module 312 are 
used to characterize the internal morphology of each sample. 
Thus, each position file 1214 includes information on the 
position of each sample on a plate, along with information on 
the internal morphology of each sample, using the techniques 
described above. The position information may be used alone 
in Subsequent processing of the plate. Alternately, the posi 
tion information and the internal morphology of each sample 
may be used in Subsequent processing of the plate. 

Operations associated with an embodiment of the external 
image capture and plate handling control module 1212 are 
illustrated in FIG. 13. The first processing operation of FIG. 
13 is to apply samples to a plate (1302). The control module 
1212 includes executable instructions to direct the plate spot 
ter 1206 to deposit samples on a plate. A manual process may 
also be used to deposit samples on a plate, or the samples may 
be deposited under control of a system independent of appa 
ratus 1200. 
The next operation of FIG. 13 is to capture an image of the 

plate outside of the source (1304). Executable instructions 
associated with the control module 1212 direct the plate han 
dler 1210 to position a plate at an image station associated 
with the camera 1208. A manual operation may also be used 
to position a plate at the image station. Executable instruc 
tions then direct the camera 1208 to capture an image of the 
plate. In response, a position file is created and stored (1306). 
As previously indicated, the position file includes informa 
tion on the position of each sample. In addition, the automated 
MALDI source control module 312 supplies internal mor 
phology information for each sample. 
The next operation associated with the embodiment of 

FIG. 13 is to determine whether another plate is to be pro 
cessed at this time (1308). If so, processing returns to opera 
tion 1302. For example, the plate handler 1210 may be used to 
obtain another plate and position the plate at a station asso 
ciated with the plate spotter 1206. Alternately, a manual pro 
cess may be used to position a new plate at a plate spotter or 
a plate may be spotted manually or with a system independent 
of apparatus 1200. 

If another plate is not to be processed at this point, the 
original plate is loaded into the source (1310). For example, 
executable instructions associated with the control module 
1212 may be used to direct the plate handler 1210 to position 
the plate within the mass spectrometer 1202. The plate need 
not be loaded into the mass spectrometer at this point in time. 
An embodiment of the invention includes a process where a 
plate is stored prior to being loaded into a mass spectrometer. 
The next operation associated with FIG. 13 is to precisely 

position the plate in accordance with the data in the position 
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10 
file (1312). For example, executable instructions associated 
with the control module 1212 direct the stage position con 
troller 109 to position the stage 105 in a position that will 
result in the laser 116 impacting a favorable configuration of 
crystals within a sample, as defined by the position file. The 
position file may be transferred from the apparatus 1200 to the 
mass spectrometer 1202 or a processing system associated 
with the mass spectrometer. In this embodiment, the mass 
spectrometer or related processing system positions the plate 
in the Source in accordance with information in the position 
file. The plate may be positioned in accordance with position 
information in the position file. The plate may also be posi 
tioned in accordance with geometry and/or distribution 
attributes contained in the position file. The decision of where 
to position the plate may be determined at the mass spectrom 
eter, at a processing devices associated with the mass spec 
trometer, by the control module 1212 or by an alternate pro 
CSSO. 

The sample is then ionized via application of laser energy 
to the sample (1314). The resultant data is captured and stored 
(1316). If there is another sample on the plate (YES branch at 
decision block 1318), then control returns to block 1312. If 
there is not another sample on the plate to be processed (NO 
branch at decision block 1318), then a decision is made to 
determine whether this plate should be re-processed (1320). 
If so, the plate is unloaded (1321) and control is returned to 
block 1304. If not, a decision is made to determine whether 
there is another plate to process (1322). If another plate is to 
be processed (YES branch at decision block 1322), then the 
plate is unloaded (1321) and control returns to block 1310. If 
all of the plates are processed, then this experiment is com 
pleted. 

Those skilled in the art will recognize a number of benefits 
associated with this embodiment of the invention. For 
example, the external image capture technique facilitates a 
variety of illumination options, including extreme side illu 
mination, episcopic illumination (dark field or bright field), 
and/or diascopic illumination. In addition, the technique 
facilitates the exploitation of various microscopy devices, 
including prisms, filters, polarizers, episcopic fluorescence 
devices, differential interference contrast devices, and/or 
fluorescent microscopy devices. 
The external position of the image capture apparatus facili 

tates improved analyses of internal sample morphology. In 
addition, the technique facilitates the recognition of position 
recognition markers. Such as corner dots and grid lines. Thus, 
the invention facilitates plate registration upon loading into a 
SOUC. 

The embodiment of FIGS. 12 and 13 also support the 
processing of multiple plates and automated re-processing of 
individual plates. Therefore, this embodiment of the inven 
tion facilitates automated batch processing and high through 
put. 

Advantageously, this embodiment of the invention is suc 
cessfully utilized in high vacuum, medium vacuum, and 
atmospheric pressure configurations. 
The invention is successfully exploited with a variety of 

plate geometries and distributions. Thus, the techniques of 
U.S. Patent Application, “User Customizable Plate Handling 
for MALDI Mass Spectrometry”, U.S. Ser. No. 10/429,234, 
filed May 2, 2003, may be used in accordance with embodi 
ments of the invention. The latter patent application, which is 
assigned to the assignee of the present invention, is incorpo 
rated by reference. The present invention is particularly use 
ful with the technology of the incorporated reference when 
the incorporated reference technology is operating under cir 
cumstances with a poor concentration of crystals or poor spot 
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visibility. In Such circumstances, the external image capture 
operations and image processing operations of the invention 
overcome the problems of poor concentration of crystals and/ 
or poor spot visibility. 
The embodiments of FIGS. 12 and 13 are exemplary. For 

example, the embodiment of FIG. 12 may be implemented 
with the plate processing device interface 1204 being con 
nected to a network link so that the plate processing data is 
processed across a network, instead ofata single location. For 
example, different computers on one or more local area net 
works may control the plate spotter 1206, the camera 1208, 
the plate handler 1210, and the mass spectrometer 1202. 

The embodiment of FIG. 13 implies sequential operations. 
However, it should be appreciated that the invention may be 
implemented with a variety of asynchronous operations. For 
example, plates do not need to be loaded immediately into a 
Source. Instead, they can be stored. In Such an embodiment, 
an identification mechanism for the plate. Such as barcode 
may be used. Alternately, the invention may be implemented 
using parallel processing operations. For example, the exter 
nal image capture device may be operating on one plate in 
parallel with the processing of a second plate in the source. 
An embodiment of the present invention relates to a com 

puter storage product with a computer-readable medium hav 
ing computer code thereon for performing various computer 
implemented operations. The media and computer code may 
be those specially designed and constructed for the purposes 
of the present invention, or they may be of the kind well 
known and available to those having skill in the computer 
Software arts. Examples of computer-readable media include, 
but are not limited to: magnetic media Such as hard disks, 
floppy disks, and magnetic tape; optical media Such as CD 
ROMs and holographic devices; magneto-optical media Such 
as floptical disks; and hardware devices that are specially 
configured to store and execute program code. Such as appli 
cation-specific integrated circuits (ASICs'), programmable 
logic devices (“PLDs) and ROM and RAM devices. 
Examples of computer code include machine code, such as 
produced by a compiler, and files containing higher-level 
code that are executed by a computer using an interpreter. For 
example, an embodiment of the invention may be imple 
mented using Java, C++, or other object-oriented program 
ming language and development tools. Another embodiment 
of the invention may be implemented in hardwired circuitry 
in place of, or in combination with, machine-executable soft 
ware instructions. 

The foregoing description, for purposes of explanation, 
used specific nomenclature to provide a thorough understand 
ing of the invention. However, it will be apparent to one 
skilled in the art that specific details are not required in order 
to practice the invention. Thus, the foregoing descriptions of 
specific embodiments of the invention are presented for pur 
poses of illustration and description. They are not intended to 
be exhaustive or to limit the invention to the precise forms 
disclosed; obviously, many modifications and variations are 
possible in view of the above teachings. The embodiments 
were chosen and described in order to best explain the prin 
ciples of the invention and its practical applications, they 
thereby enable others skilled in the art to best utilize the 
invention and various embodiments with various modifica 
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tions as are Suited to the particular use contemplated. It is 
intended that the following claims and their equivalents 
define the scope of the invention. 
The invention claimed is: 
1. A method of MALDI sample plate processing, compris 

ing: 
capturing an image of a plate positioned inside a mass 

spectrometer, 
processing said image to identify attributes of an individual 

sample on said plate, wherein said attributes include a 
geometry attribute and an internal density distribution 
attribute; and 

selecting a laser impact position within said mass spec 
trometer based upon said attributes. 

2. The method of claim 1 further comprising assessing 
whether to re-process said plate. 

3. The method of claim 2 further comprising determining 
whether to process another plate. 

4. The method of claim 1, wherein processing includes 
forming a density map with individual regions, wherein each 
individual region characterizes sample density within the 
individual region. 

5. The method of claim 1, wherein processing includes 
analyzing width and length dimensions of a geometry 
attribute to identify scratch artifacts. 

6. A tangible computer readable medium, comprising: 
executable instructions to: 

receive an image of a plate; and 
process said image to identify attributes of an individual 

sample on said plate, wherein said attributes are 
selected from a geometry attribute and an internal 
density distribution attribute. 

7. The computer readable medium of claim 6 further com 
prising executable instructions to select a laser impact posi 
tion within a mass spectrometer based upon said attributes. 

8. The computer readable medium of claim 6 further com 
prising executable instructions to direct a plate spotter to 
apply samples to said plate. 

9. The computer readable medium of claim 6 further com 
prising executable instructions to directa plate handler to load 
said plate into a mass spectrometer. 

10. The computer readable medium of claim 6 further 
comprising executable instructions to decide whether to pro 
cess another sample on said plate. 

11. The computer readable medium of claim 6 further 
comprising executable instructions to assess whether to re 
process said plate. 

12. The computer readable medium of claim 6 further 
comprising executable instructions to determine whether to 
process another plate. 

13. The computer readable medium of claim 6, wherein the 
executable instructions to process include executable instruc 
tions to form a density map with individual regions, wherein 
each individual region characterizes sample density within 
the individual region. 

14. The computer readable medium of claim 6, wherein the 
executable instructions to process include executable instruc 
tions to analyze width and length dimensions of a geometry 
attribute to identify scratch artifacts. 
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